Purpose The Core Outcome Measures Index (COMI) is a short multidimensional scale covering all domains recommended to be included as outcome measures for patients with low back pain (LBP). The purpose of the present study was to translate and cross-culturally adapt the COMI into Norwegian and to test clinimetric properties of the Norwegian COMI version in patients with non-specific LBP recruited from various clinical settings. Methods Ninety patients with non-specific LBP from primary care and hospital settings participated in the validation part and 61 also in the reproducibility part of the study (1 week apart). Acceptability, data quality, reproducibility and construct validity were investigated. Results The questionnaire was well accepted and with little missing data and end effects. Reliability in terms of intraclass correlations (ICC) was satisfactory for the COMI index [0.89 (95 % CI 0.82-0.94)] and most single-core items. Agreement was acceptable for the COMI index [standard error of measurement (SEM agreement ) 0.80, minimal detectable change (MDC individual ) 2.21], but exceeded the minimal standard of acceptability in some of the individual core items. Construct validity was acceptable for the COMI index.
Introduction
Patient reported outcome measures are today highly recommended when evaluating treatment success in clinical trials, routine quality management and registry systems [5, 22] . Several measures exist and the number and types of generic and disease-specific measures are growing [10, 22, 28] . Therefore, it has become a large challenge for clinicians and researchers to choose among a myriad of questionnaires. Moreover, comprehensive questionnaires covering numerous domains may become long, time-consuming and tiresome to complete, and result in reduced response rate and huge administration burden [23] .
International panels of experts have proposed a set of five domains to be included in a standardized set of outcome measures for patients with spinal disorders: back-specific function, pain, generic health status, work disability and patients' satisfaction [5, 10] . Numerous full-scale questionnaires exist within each domain. However, few are short and easily administered. In order to alleviate patients and administrative burden and to increase the standardization of outcome measures within the field, a very parsimonious multidimensional six-item core set covering all recommended domains was proposed by the expert panel [10] .
This core set consists of six individual questions chosen from widely used instruments that has been studied and validated in former studies (such as the SF-36, the US Agency for Health Care Policy and Research, the World Health Organization quality of life-BREF, and the US National Health Interview Survey) and cover the key issues considered by the expert panel to be of greatest significance in low back pain (LBP) research. Deyo et al.'s [10] six-item multidimensional core set has been further developed by adding one more question that covers general quality of life and by establishing a composite index score (the Core Outcome Measures Index: COMI) [19] . The COMI is short and a very simple and easy-to-use scale and is recommended to promote standardization of outcome measurements in clinical trials, multicentre studies, clinical practice, quality improvement efforts and surgical registry systems, especially when it is more important to examine the perceptions of the majority in regard to a few key issues than to examine the outcome of just a selected few in great detail [19] . It has been used as outcome measure in various study designs [15, 16, 25] and is implemented as patient-based outcome in the International Spine registry [31] . The COMI has been translated into a growing number of languages [31] , but published studies of psychometric properties of the COMI have mainly been conducted in surgical treated patients or in patients recruited from hospital settings [7, 12, [18] [19] [20] [21] . Hence, the present study aimed to translate and cross-culturally adapt the COMI into Norwegian and to test clinimetric properties of the Norwegian COMI version in patients with non-specific low back pain recruited from various clinical settings.
Methods

Design
The study was carried out in two stages: the first stage included translation and cross-cultural adaptation of the COMI; the second stage was to test the clinimetric properties of the Norwegian COMI version in a cross-sectional validation study and a test-retest study within 1 week interval.
Translation and cross-cultural adaptation
The translation and cross-cultural adaptation was conducted according to recommendations from international guidelines (''Appendix'') [4] . The English and Norwegian versions are published in the ''Appendix''.
Testing the clinimetric properties
This stage was performed on patients with low back pain recruited from different clinical settings in Oslo, Norway, including three physiotherapy clinics (primary care), one outpatient rehabilitation clinic, one pain clinic (University Hospital) and one orthopaedic department (University Hospital). Eligible participants were patients with nonspecific low back pain of more than 6 weeks duration aged [18 years and able to speak, read and write in Norwegian. Exclusion criteria were sciatica or ''red flags''. Written informed consents were obtained from all patients. The Regional Ethical Committees for Medicine and Health and the Norwegian Data Inspectorate approved the study, which followed the Helsinki Declaration.
Patients completed the COMI together with sociodemographic variables and various reference scales. To assess test-retest reproducibility, the COMI was readministered to patients consenting to participate also in the reproducibility-part of the study the next time they came to the treating physiotherapist or doctor, preferably 1 week after they first filled out the questionnaire. Additionally, a global question (six-point Likert scale) recording change in low back pain condition in the time interval was completed by the patients.
The study sample size was determined according to the recommendations from Terwee et al. [28] which suggest that at least 50 patients are necessary to test construct validity, test-retest reliability and ceiling/floor effects, whereas approximately 100 patients are needed to perform an internal consistency analysis.
Measures
The COMI consists of seven questions covering five domains. Domains, wording and response format for each single question are presented in Table 2 . The COMI index score (range 0-10) is calculated by averaging transformed core-item scores from each domain [pain symptoms (two questions (back/leg pain)], back function (one question), symptom-specific well-being (one question), general wellbeing (one question) and disability [two questions (social/ work disability)]. The transformation process is as follows: visual analogue scales for pain symptoms; highest value out of the two scores (back/leg pain) is noted, Likert scales (back function, symptom-specific well-being, general wellbeing, disability); category score marked by the patient are re-scored on a 0-10 scale (patients score -1 multiplied by 2.5). Likert scales for disability are first averaged before transformation. Higher numbers on the COMI index score indicate more symptoms [19, 21] .
Reference scales (for construct validity): to evaluate construct validity the Roland Morris Disability Questionnaire (RMDQ) [24] , EuroQol-5 Dimensions Index (EQ-5D index) [1] , Brief Illness Perception Questionnaire (BIPQ) [6] and Hopkins Symptom Check List-25 (HSCL-25) [9] were used as reference scales.
Analysis
All data analyses were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL). The clinimetric properties of the Norwegian COMI version were tested as follows.
Data quality
Here, missing data and end effects were described. Floor or ceiling effects were considered to be present if more than 15 % of the patients reported the lowest or the highest possible score, respectively [28] .
Reproducibility
Test-retest analysis was applied on each of the five core items/domains, and on the composite COMI index score. Main analysis was performed on all patients participating on both test and retest. A supplementary analysis was performed in patients reporting a stable (unchanged) low back pain status from test to retest.
Agreement was expressed by the standard error of measurement (SEM) and minimal detectable change (MDC). SEM agreement was calculated by taking the square root of the error variance of an ANOVA analysis (obtained by taking H within people residual mean square) [28] . The MDC individual was calculated using the formula MDC = 1.96 9 H2 9 SEM. The MDC represents the smallest score change which, with P \ 0.05, can be interpreted as real change and not measurement error.
Reliability was assessed by the intraclass correlation coefficient (ICC agreement ) using a two-way random effects model [28] . Acceptable level was set to [0.70 [28] . In addition, weighted kappa with quadratic weighting was used for core items 3-5 since data are categorical and the categories are ordinal (Likert scales [1] [2] [3] [4] [5] . Kappa values were categorized according to Altman: poor (0 to \0.2), fair (0.21-0.40), moderate (0.41-0.60) good (0.61-0.80) and very good (0.81-1.00) [2] .
Construct validity
Construct validity was assessed by testing the correlation between each single core item (domains) and full scales or single questions of matching reference scales, and the correlation between COMI index score and matching reference scales according to a priori formulated hypothesis (Table 4) .
Pain symptoms (highest of back/leg pain) were validated against question number 5 from the BIPQ (How much do you experience symptoms from your back problems?) [6] , item number 4 (pain/discomfort) from EQ-5D [1] and the full scale of RMDQ [24] .
Back function was validated against the full scale of RMDQ [24] and item number 3 (usual activities) from EQ-5D [1] .
Symptom-specific well-being was validated against the full scales of the EQ-5D [1] and HSCL 25, and question number 1 from the BIPQ (how much does your back problem affect your life?) [6] .
General well-being was validated against the full scale of EQ-5D [1] and to question number 1 from the BIPQ (see above) [6] .
Disability (mean of social/work disability) was validated against RMDQ full scale [24] and item number 3 (usual activities) from EQ-5D [1] .
Core Outcome Measures Index score was validated against full scales of EQ-5D [1] , RMDQ [24] and HSCL-25 [9] .
Spearman's rho was used in all correlation analysis since the COMI and reference scales represent a variety of scale types. Additionally, some items were not normally distributed. Correlation coefficients under 0.3, between 0.3 and 0.6 and over 0.6 were considered low, moderate and high, respectively [3] .
Results
A total of 90 patients were included in the study. Sixty-one participated in the test-retest study of which 59 had complete COMI scores at both measurements. The time interval between test and re-test was median 7 days (range 1-31 days). Study sample characteristics are shown in Table 1 .
Data quality
All data were normally distributed, except from ''symptom specific well-being''. There was relatively little missing data ( Table 2 ). Most frequently the question asking for leg pain was missing. Floor and ceiling effects were not present in the composite index score, but there were end effects in item two (leg pain/sciatica), item four (symptom-specific well-being), item six (social disability) and seven (work disability) ( Table 2 ). However, when taking the highest out of pain symptoms and averaging the two disability items (according to the procedure for calculating COMI index score), end effects were not more present for pain symptoms (lowest and highest 2.2 and 1.1 %, respectively) and for disability (lowest and highest 10.0 and 8.9 %, respectively).
Reproducibility
There were no systematic differences between the test and retest scores. Table 3 shows the results for agreement and test-retest reliability for the COMI. The COMI index score and most of the core items showed good test-retest reliability. Reliability according to the ICCs was above the recommended minimum standard for all core items, with the exception of the item symptom-specific well-being (0.68). Weighted Kappa was moderate to good and ranged from 0.51 to 0.68. Again, the item symptom-specific well-being showed the weakest result. The ICC for the COMI index score was 0.89 (95 % CI 0.82-0.94) and the SEM and MDC was 0.80 and 2.21, respectively. MDC % for the COMI index score and all core items, however, exceeded 20 %. Sensitivity analysis of the 34 patients who scored ''no change'' at the global rating scale at re-test revealed similar results in all reproducibility analysis. Another sensitivity analysis excluding patients with short (\5 days) and long time interval ([14 days) between test and re-test neither changed the results.
Construct validity
The hypotheses were mostly confirmed by the correlations between core items/COMI index score and reference scales, except from correlation between the COMI index score and RMDQ/HSCL where the correlation coefficients were somewhat higher than expected (Table 4) .
Discussion
Overall, this study shows that the Norwegian version of the COMI holds acceptable standard in all clinimetric tests of the COMI index in patients with non-specific LBP recruited from different clinical settings, suggesting that this short multidimensional scale covering all key issues of greatest interest in LBP research may serve as a useful stand-alone questionnaire when a lighter respondent burden than the alternative battery of full-scale questionnaires to measure relevant domains is required. Some of the subscales, however, did not reach optimal standard in terms of agreement and validity.
Only two former methodological studies of the COMI have included conservatively treated patients [7, 19] . However, the forerunner for the COMI, Deyo et al.'s sixitem multidimensional core set, has previously been tested for clinimetric properties in LBP patients with good results [11] . Further, a pilot study describing the use of COMI as a documentation instrument for conservative treated neck-or LBP patients in the international spine registry exists [14] , in addition to a validation study of a neck-version of Deyo et al.'s core set [30] . Kessler et al. [14] found the COMI to be useful and feasible, and White et al. [30] concluded that the core neck pain questionnaire was reliable and valid. Three recent studies testing the clinimetric properties of COMI in Italian [18] , French [12] and Brazilian-Portuguese [7] speaking LBP populations all found the COMI to hold good psychometric properties in patients mainly recruited from hospital settings. Finally, an adaptation of the COMI for patients operated for inguinal hernia (COMI hernia) has been found to have good psychometric properties [26] . This supports the use of brief core scales as an alternative for a battery of full-scale questionnaires not only in low back pain but also in various fields in medicine. During the past week, how much did your back problems interfere with your normal work (including both work outside the home and housework)?
(1 = not at all, 2 = a little bit, 3 = moderately, 4 = quite a bit, 5 = extremely) Checking the data quality of the present study revealed that all single core items were normally distributed, except from the question dealing with symptom-specific wellbeing, in which the patients strongly tended to score in the higher end. End effects were also seen for the individual pain-and disability questions, but there were no floor/ ceiling effects when the items were combined in the composite index score. These findings are in line with previous studies [7, 12, 18, 19] . The question regarding leg pain had the highest proportion of missing data (6.7 %), and many of the patients scored in the lower end indicating no leg pain (15.6 %). This finding probably reflects our sample, in which we excluded patients with sciatic symptoms. Mannion et al. [19] included LBP patients with and without leg pain and did not report this phenomenon.
In the present study, the Norwegian version of the COMI showed acceptable reproducibility for the composite COMI index and most of the individual core items for a median time between test and retest of 7 days. This time interval was chosen since it minimizes the possible memory effect and the chance of change in low back pain status among patients. Patients completed several instruments which might also reduce the possibility to remember their previous responses. Furthermore, we also consider the patients who took part in the retest study to be representative for this population as they were similar to the total cohort with regard to all baseline characteristics. Intraclass correlations and weighted kappa was above the recommended minimum standard for all single core items, with the exception of the item symptom-specific well-being where ICC was just below the recommended minimum standard. Reliability was also good for the composite COMI index score. Our results in terms of ICC are in line with former reliability studies of the COMI back [7, 12, 18, 19] Symptom-specific well-being was expected to be moderately to highly correlated to question number 1 from BIPQ since they are both appear to measure the same construct, and moderately correlated to EQ-5D full scale and HSCL-25 since they measure slightly different aspects of health BIPQ: 0.34 BIPQ: yes EQ-5D full: -0.43 EQ-5D: yes HSCL-25: 0.37 HSCL-25: yes
General well-being We expected this question to be moderately to highly correlated to EQ-5D full scale since they both measure the same construct, and moderately correlated to question no 1 from BIPQ measuring slightly different aspects of health EQ-5D full: -0.69 EQ-5D: yes BIPQ: 0.60 BIPQ: yes
Disability
The disability questions in the COMI scale asks for days out of action and the RMDQ and the item for usual activities from EQ-5D Questionnaire asks for patients' capacity related to daily functional activities. Hence, moderate correlation between the COMI-question and those reference scales was expected RMDQ: 0.47 RMDQ: yes EQ-5D function: 0.47 EQ-5D: yes
COMI index
The COMI index and EQ-5D are both scales consisting of items covering a mix of health aspects and a high correlation was expected. RMDQ and HSCL are more ''clean'' scales measuring pain-related activity and psychological phenomena, respectively and were expected to correlate moderately to the COMI index and somewhat better than for COMI hernia [26] . Compared to full scale questionnaires our results indicate that the reliability of the composite COMI index score is at least equal to back pain-specific questionnaires [24] and to generic questionnaires frequently used in the field of low back pain [17] . Agreement expressed by SEM and MDC were, however, not optimal for some of the individual core items, but acceptable for the sum scale and only marginally poorer than in former studies of the COMI [7, 12, 19, 26] and within the range of that reported for other LBP outcome instruments [8, 19] . Still, an MDC% of 22.1 % for the COMI index means that a change of more than 2.2 points at the COMI index need to be observed to be judged as ''a real change''. Test of construct validity of the COMI found moderately to high correlations for all tests performed, indicating that both single-core items and the composite index score showed acceptable construct validity within this field where gold standards are not available. It should, however, be mentioned that the correlation between the core items ''pain symptoms'' and ''back function'' and our reference scales were somewhat weaker in our study compared to in Mannion et al.'s study [19] but similar to recent studies of Italian and French-speaking back pain populations [12, 18] and slightly better than in Brazilian-Portuguese populations [7] . To our surprise, the correlation between ''pain symptoms'' in the COMI, and RMDQ and back symptoms in the BIPQ were identical. We hypothesized that back symptoms in the BIPQ might better correlate with the coreitem ''pain symptoms'' in COMI than with RMDQ. Our expectations for correlation between the subscale pain symptoms from the BIPQ, a questionnaire assessing illness perception, might have been overestimated. Further, there is considerable overlap between domains like pain, back function and disability in the patient population included in the present study [29] and tools limited to the evaluation of one single domain in back patients often have a mixed content reflecting various constructs [13] . Correlations were within the lower bound for the domain ''symptom specific well-being'', which is in line with all other methodological studies of the COMI [7, 12, 18, 19] and its forerunner [11] . Since the reliability also was weakest for this particular COMI item, it may be questioned whether this item should be kept in the COMI. However, Mannion argued that it may deliver unique information that may be of importance to the multidimensional nature of the overall index and recommended its continued inclusion in the core-set [19] . Still, concerns about the rationale behind summarizing these five domains into a single global score representing a new undefined domain have been raised [11] . Mannion et al. [19] introduce the possibility of examining change for each domain separately. This might be applicable at the patient level in daily clinical practice for the establishment of a patient profile, treatment evaluation and quality assurance purposes. The interpretation should, however, be done with caution since the results of the present study indicate limitations in clinimetric properties for some individual items. Lower measurement error in the COMI index score suggest the use of the index score on group level evaluation in clinical settings, multicentre studies and registries when it is desirable to assess the impact of spinal disorders on multiple patient-orientated outcome domains quickly and with high respondent rate. Former studies have found the COMI to hold rather high level of internal consistency [11, 19] , although the scale is multidimensional and does not purport to measure a defined underlying construct. In patients with non-specific LBP, domains like pain, back function and work loss is closely linked and influenced by multiple factors [29] . This may explain the relatively high level of reported homogeneity for this multidimensional scale and support the use of the COMI index as a global measure for back patients. Our limit for an acceptable level of validity was set to 0.3 [3] . This is somewhat more liberal than other studies testing the validity of COMI who all define values above 0.4 to be acceptable [7, 12, 18] . Using 0.4 as an acceptable limit for construct validity implies that correlations between the subscale ''symptom specific well-being'' and BIPQ and HSCL-25 fall outside what should be interpreted as sufficient validity. However, weak correlations do not only rely on how close the scales are with regard to underlying construct, but also on the reliability of the scales being compared [27] . The subscale ''symptom specific well-being'' was one out of two sub-scales with weakest reliability in our study. Substantially higher correlations between other sub-scales and BIPQ and between HSCL-25 and the COMI index may indicate that low correlation at least partly may be explained by limited reliability of this particular sub-scale. On the other hand, it might also indicate that the subscale ''symptom specific well-being'' measure a different phenomena than its reference scales.
One should consider that constantly introducing new tools may result in little shared understanding of what certain results mean, what their clinical relevance may be, or how the patient populations and results of different studies may compare [10] . However, the COMI is a result of an initiative taken by international panels of experts requesting better standardization of outcome measures within the field, and as an outcome in quality management or studies of treatment effectiveness when it is more important to examine the perceptions of the majority with regard to a few key issues than to examine the outcome of just a selected few in great detail [10, 19] . The introduction of a short core-set may facilitate many types of comparison and pooling of data [10, 19] . Further, the administration burden is less when the scale is short and easy-to-use and patient compliance is likely to decline when batteries of long questionnaires are administered [23] .
Strengths of the present study are that all measurement properties of health status questionnaires proposed by Terwee et al. [28] possible within our design are examined and that our sample size was satisfactory for all parts of the study. Further, this is one of the first studies of psychometric properties of the COMI conducted in a language other than German or English and we had very little missing data. Our study includes patients recruited from various clinical settings, primary care included, in contrast to former studies mainly recruiting patients from specialized health care. One limitation is the lack of responsiveness to change data for the COMI, which was impossible to obtain within our design. This will be assessed in a future study. Further, our reproducibility analysis both includes patients reporting a change in LBP condition from test to re-test and patients filling out the re-test questionnaire outside the pre-decided time interval. Sensitivity analysis of these two divergences seems, however, did not influence the results.
The Norwegian version of the of the COMI index shows acceptable clinimetric properties in terms of acceptability, data quality, test-retest reliability and construct validity when used in a sample of patients with non-specific low back pain recruited from various clinical settings, although some of the individual core items did not provide optimal results in terms of agreement and validity. Our study, however, supports the clinical appropriateness of the COMI index and it can be recommended for application in non-specific low back pain patients in primary and secondary health care. The high prevalence and socioeconomic burden of low back pain may further support the use of a short core-set in order to reduce administrative and respondent burden in settings where batteries of full-scale questionnaires are redundant.
